Abstract: By means of the increase in demand for electricity due to increase in population industrialization, the generation of power is really a challenge now a days. It is essential to meet the energy needs by utilizing the renewable energy resources like wind, biomass, hydro co-generation, etc. Addition of the wind power into an electric grid affects the power quality. The major power quality issues are voltage sag, swell, flickers, harmonics etc. During this future scheme Static Compensator (STATCOM) is linked at the point of common coupling with a battery energy storage system to mitigate the power quality issues. The battery energy storage is integrated to sustain the real power source under fluctuating wind power. Here three control schemes for STATCOM are compared: PI controller, fuzzy logic controller and Hybrid controller. The process of the three STATCOM control schemes for maintaining the power quality of the grid connected wind energy system is investigated using MATLAB/SIMULINK. Keywords: STATCOM, power quality, wind generating system, battery energy storage system (BESS), pi controller fuzzy logic controller, hybrid controller and MATLAB.
Introduction
In cooperation of electric utilities and end users of electric power are increasingly worried about the quality of power. Power quality can be defined as "any power problem manifested in voltage, current and frequency those results in failure or mal operation of the customer equipment" [1] . Addition of the wind power into an electric grid affects the power quality. [2] The assembly of devices used for improvement of power quality problems is known by the name of Custom Power Devices (CPDs). The family of compensating devices mainly has the following members: Static Synchronous Compensator (STATCOM), Dynamic Voltage Restorer (DVR) and Unified Power Quality Conditioner (UPQC). The occupation analyses the presentation of Static Compensator (STATCOM) with a battery energy storage system (BESS) connected at the point of common coupling of wind energy generating system and the obtainable power system to alleviate the power quality issues. [1] Throughout the normal operation, wind turbine produces a incessant variable output power. The most important power quality issues are voltage sag, swell, flickers, harmonics etc [3] . One of the straightforward methods of running a wind generating system is to use the induction generator connected directly to the grid. The induction generator has inherent advantages of cost efficiency and heftiness. But, induction generators require reactive power designed for magnetization.
After the generated active power of an induction generator is varied due to wind, absorbed reactive power and terminal voltage of an induction generator can be considerably affected. At this time proposing a STATCOM based control technology for mitigating the power quality issues when we are integrating wind farms to the grid.
During the event of increasing grid disturbance, a battery energy storage system is required to compensate the fluctuation generated by wind turbine. Here three control schemes for STATCOM is designed and compared: BangBang current controller, fuzzy logic controller HPF controller is used.
Topology for Power Quality Improvement
The STATCOM is a three-phase voltage source inverter having the capacitance on its DC link and connected at the point of common coupling. The STATCOM injects a compensating current of variable magnitude and frequency component at the bus of common coupling. Here the utility source, wind energy system and STATCOM with BESS is connected to the grid. The current controlled voltage source inverter based STATCOM injects the current into the grid in such a way that the source current (grid current) are harmonic free and they are in phase-angle with respect to source voltage. The injected current will cancel out the reactive part and harmonic part of the induction generator current and load current, hence it improves the power quality. This injected current generation is by proper closing and opening of the switches of voltage source inverter of STATCOM and is different for the two control schemes proposed. For this the grid voltages are sensed and are synchronized in generating the current command for the inverter. The induction generator is used in the proposed scheme because of its simplicity, it does not require a separate field circuit, it can accept constant and variable loads, and has natural protection against short circuit. The available power of wind energy system is presented as:
(1) Where ρ= air density (kg/m 3 ) , A = area swept out by turbine blade (m ), Vwind= wind speed ( m/s).It is not possible to extract all kinetic energy of wind. Thus extracts a fraction of the power called power coefficient "Cp" of the wind turbine, and is given by (2) The mechanical power produced by wind turbine is given by (3) Where, R = Radius of the blade (m).
BESS-STATCOM
The battery energy storage system (BESS) is used as energy storage element for the purpose of voltage regulation.
The BESS will naturally maintain dc capacitor voltage constant and is best suited in STATCOM since it rapidly injects or absorbs reactive power to stabilize the grid system. When power fluctuation occurs in the system, the BESS is used to level the power fluctuation by charging and discharging operation. The battery is connected in parallel to the dc capacitor of STATCOM.
System Operation
The shunt connected STATCOM with battery energy storage is connected at the interface of the induction generator and non-linear load at the PCC [4] . The Fig.1 represents the system operational scheme in grid system. The STATCOM output is varied according to the control strategy, so as to maintain the power quality norms in the grid system. The current control strategies for STATCOM are the Bang-Bang controller and fuzzy logic controller. A single STATCOM using insulated gate bipolar transistors is proposed to have a reactive power support to the induction generator and to the nonlinear load in the grid system.
Control Scheme
The first control scheme approach is based on injecting the currents into the grid using "bang-bang controller" [1] .The controller uses a hysteresis current controlled technique as shown in Fig 3. Using such a technique, the controller keeps the control system variable between the boundaries of hysteresis area and gives correct switching signals for STATCOM operation. The current controller block receives reference current and actual current as inputs and are subtracted so as to activate the operation of STATCOM in current control mode [5] . The second control scheme is fuzzy logic controller. The inputs to the controller "change in grid voltage (∆V)" and change in grid current (∆I)" and is represented as membership functions of the controller .The output is correct switching signals for IGBTs of STATCOM (∆U) 
Grid synchronization
In three-phase balance system, the RMS voltage source amplitude is calculated at the sampling frequency from the source phase voltage (V sa V sb V sc ) and is expressed, as sample template V sm sampled peak voltage, as in (4).
(4)
The in-phase unit vectors are obtained from AC source-phase Voltage and the RMS value of unit vectors are shown in (5).
, ,
The in-phase generated reference current share derived using in-phase unit voltage template as, in(6).
, , .
Where, I is proportional to magnitude of the filtered source voltage for respective phases. This ensures that the source current is controlled to be sinusoidal. The unit vectors implement the important function in the grid connection for the synchronization for STATCOM. This method is simple, robust and favorable as compared with other methods.
Wind Energy in the Power System
Wind is a continuously varying source of energy and so is the active power generated by the wind turbine. If a Wind Turbine is connected to a grid the terminal voltage also fluctuates, producing flicker, harmonics and inter-harmonics due to the presence of power electronics. For a set of connected wind turbines forming a wind farm, the ree exit certain grid codes or specific requirements with which each wind turbine must conform with in order to be allowed to be connected to the grid. Most wind power systems are based in remote rural locations and are therefore prone to voltage sags, faults, and unbalances. These unbalanced grid voltages can cause many problems such as torque pulsations, unbalanced currents and reactive power pulsations [6] . When wind farms are connected to a strong grid, that is closer to a stiff source, voltage end frequency can be quickly re-established after a disturbance with the support of the power grid it self. To wait for the voltage tore-establish after the fault has been cleared in the case of a weak grid interconnection is not reliable because there is always a risk of voltage instability initiated by the disturbance. Hence, reactive power and voltage support that can be provided by mechanically switched capacitors, SVC or STATCOM is needed to help improve the short term voltage stability and reinforce the power network. This is also true for wind farms with all fixed speed wind turbines with no dynamic control or reactive power compensation. [7] There are many wind turbine manufacturers who produce different wind turbine technologies. Table1 gives a list of all the MW range Wind Turbines manufactured by various producers and their technical specifications 
Fixed Speed Wind Turbine
A Fixed-speed wind turbine system (FSWT) is a simpler way of connecting wind power on to the electric grid. Today, such a system uses an induction machine almost exclusively for converting the mechanic power extracted from wind into electric power. With reference to Figure3, apart from the turbine and the induction machine, a fixed-speed system incorporates a gearbox. This is because the rotational speed of the turbine is always lower than the generator speed. An economically feasible multi pole induction machine design applicable to wind power applications has not been found so far. Another common part is the capacitor bank typically designed to compensate for the induction generator no-load reactive power consumption. Finally, a soft starter is a standard part of the system. It is used only during the startup of the turbine and it lowers the current when the turbine is being connected to the grid. A wind turbine without a soft starter would draw a very high current during start up and the corresponding voltage drop in the grid would exceed the stated limits. Moreover, the gearbox would suffer from transient torques.
Variable Speed Wind Turbine
Figure 4: Variable-speed direct-driven (gear-less) wind turbine with a synchronous generator
The system presented in Fig4 consists of a wind turbine equipped with a converter connected to the stator of generator. The generator could either be a cage-bar induction generator or a synchronous generator. The gearbox is designed so that maximum rotor speed corresponds to rated speed of the generator. Synchronous generators or permanent-magnet synchronous generators can be designed with multiple poles which imply that there is no need for gearbox. One advantage with this system is its welldeveloped and robust control. The system, see Fig5 consists of a wind turbine with doublyfed induction generator. This means that the stator is directly connected to the grid while the rotor winding is connected via slip rings to a converter. This system has recently become very power electronic converter only has a handle a fraction (20-30%) of the total power. Therefore, the losses in the converter have to be reduced, compared to a system where the converter has to handle the total power. In addition, the cost of the converter becomes lower .There exists a variant of the DFIG method that uses controllable external rotor resistances (compare to slip power recovery). Some of the drawback of this method are that energy is unnecessary dissipated in the external rotor resistances and that is not possible to control the reactive power.
Of all the above mentioned types we are going to use the first type because of its simplicity that is fixed speed wind turbine method with induction generator. Due to the advantages that we considered in real time application and also in Simulink designing we adopted the induction generator. 
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SVC/STATCOM/UPFC Comparisions
The thyristor protected series compensation (TPSC),thyristor Controlled series compensation(TCSC) are those FACTS devices that have a strong influence on the system stability and small or no influence on the voltage quality. The SVC and STATCOM have a strong influence on voltage quality improvement and show medium performance with respect to were all the system stability. The unified power flow controllers (UPFC) have shown efficient performance in terms of load flow support, stability and voltage equality. The main objective in this is to look for solutions to provide voltage stability to the system in order to operate wind turbines in a coordance with the grid codes. The STATCOM is the best option available for providing efficient voltage quality in the power system.
A STATCOM is a shunt-connected reactive power compensation device that is capable of generating and/or absorbing reactive power and in which the output can be varied to control the specific parameter so fan electric power system. The STATCOM is a static compensator and is used to regulate voltage and to improve dynamic stability [11] . A STATCOM can supply the required reactive power under various operating conditions, to control the network voltage actively and thus, improve the steady state stability of the network. The STATCOM can be operated over its full output current range even at very low voltage level sand the maximum var generation or absorption changes linearly with the utility or ac system voltage.
The maximum compensating current of the SVC decreases linearly with the ac system voltage end the maximum var output decreases with the square of the voltage. This implies that for the same dynamic performance, a higher rating SVC is required when compared to that of a STATCOM. For an SVC, the maximum transient capacitive current is determined by the size of the capacitor and the magnitude of the ac system voltage. In the case of a STATCOM, the maximum transient capacitive over current capability is determined by the maximum turn-off capability of the power semiconductors employed.
Figure4 shows the schematic of SVC and its VI characteristics. Figure6 shows the schematic of the STATCOM and its VI characteristics. The main function of a STATCOM is to provide reactive power support and thus improve voltage stability. The main objective of using a UPFC in a system is to be able to control both active and reactive power in the associated line in which it is placed. The STATCOM has better reactive power control than an SVC as seen in Figures 4 and5.
Mechanically switched capacitors do not have a better performance at lower voltages and hence a higher rating device is needed for the same performance. Also, the reactive power support provided by the SVC is dependent on the ac system voltage and hence its capability is de-rated at lower voltages. The UPFC is not very economical and requires more complicated control techniques for exploiting its complete capabilities. 
System Parameters
Controllers
Here three control techniques are used 1. PI Controller 2. Fuzzy logic controller and 3. HPF Controller
PI Controller
For the generation of reference signal DC link voltage is measured and compared with the reference values by means of a PI controller. The output of the PI controller is multiplied with the unit vectors. Hence we will get reference currents.
Fuzzy Logic Controller
Fuzzy set theory provides an excellent means for representing uncertainty due to Vagueness in the available data or unknown behavior of a system. It can represent the human control processes and also allows experimental knowledge in adjusting the controller parameters. 
Fuzzy Sets
A fuzzy set is a collection of distinct elements with a varying degree of relevance or inclusion. If X is a set of elements, then a fuzzy set A in X is defined to be a set of ordered pairs, A ={(x,μ A (x)) x∈X}where μ A (x) is called the membership function of x in A. This membership function can take μ A (x) denotes the degree to which x belongs to A and is normally limited to values between 0 and 1.A high value of μ A (x) implies that it is very likely for x to be in A. In this paper, fuzzy control is used to control the firing angle for the switches of the VSI of STATCOM. In this design, the fuzzy logic based STATCOM has two inputs "change in voltage(∆V)" and "change in current(∆I)" and one control output(∆U)
Fuzzy If -Then rules
Firstly the input values will be converting to fuzzy variables. This is called fuzzification. After this, fuzzy inputs enter to rule base or interface engine and the outputs are sent to defuzzification to calculate the final outputs. These processes are demonstrated in Fig 9. Here seven fuzzy subsets have been used for two inputs. These are: PB (positive big), PM (positive medium), PS (positive small), ZE (zero), NS (negative small), NM (negative medium) and NB (negative big). We use Gaussian membership functions [8] and 49 control rules are developed, which are shown in table 3.
Fuzzification:
It is the process of representing the inputs as suitable linguistic variables .It is first block of controller and it converts each piece of input data to a degree of membership function. It matches the input data with conditions of rules and determines how well the particular input matches the conditions of each rule.
Defuzzification:
The output of a fuzzy rule based system is generally imprecise and fuzzy. As a fuzzy set cannot directly be used to take the decisions, the fuzzy conclusions of rule based systems have to be converted in to precise quantity. This is called Defuzzification. There are various methods like centroid method, weighted average method and maxmembership method etc… for this purpose. The number of member ship functions for each variable determines the quality of control which can be achieved using fuzzy logic controllers In the present investigation, five membership functions are defined for the input and output variables. Fig.3 shows the membership functions defined. The mentioned member ship functions are used to specify a set of rules called a rule base. The rules developed are based on the knowledge and experience. With two inputs and five linguistic terms, 25rules were developed which is given inTable1. In inference mechanical small the rules are compared to the inputs to determine which rules apply to the current situation. After the matching process the required rules are fired. The controlled output Bsvc is determined for the different input conditions. The defuzzification produces the final crisp output of HPF with the fuzzified input. Centroid method is employed where the output will be calculated as in eqn(7).
6 Simulation Results 
Conclusion
This paper presents the STATCOM-based control scheme for power quality improvement in grid connected wind generating system with non linear loads.
The operation of the STATCOM is simulated using three controllers: PI controller, Fuzzy logic controller and HPF controller. STATCOM injects current to the grid and it cancel out the reactive and harmonic parts of the induction generator current and load current .When we are reducing the wind generating system output ,it will not affect the source current magnitude.
The THD analysis revealed that the HPF controller is good compared to PI controller. The fuzzy logic controller is simpler and has faster response. The integrated wind generation. 
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